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INTRODUCTION 


Objective: 

The  objective  of  this  proposal  is  to  expand  the  resources  of  our  existing 
population-based  specimen  banks  (plasma,  white  blood  cells,  red  blood  cells  and  nail 
samples)  by  collecting  additional  information  on  family  history  and  breast  cancer  risk 
factors  so  that  gene-environment  interactions  leading  to  breast  cancer  may  be 
investigated. 


Background  of  Previous  Work: 

The  CLUE  Specimen  Banks 

From  August  through  November,  1974,  a  total  of  25,620  serum  specimens  were 
collected  in  Washington  County,  MD  for  a  research  serum  bank  (CLUE  I).  An 
additional  182  specimens  were  obtained  in  the  summer  of  1975,  for  a  total  of  25,802. 
Linkage  of  the  records  from  this  program  to  those  of  a  private  census  in  the  summer  of 
1975  indicated  that  almost  a  third  of  the  adult  population  of  the  county  had  participated. 
Participation  was  best  in  the  age  group  35  to  65  years,  and  was  slightly  better  among 
females,  the  better-educated,  and  nonsmokers. 

A  second  program  was  conducted  from  May  through  November,  1989  collecting 
32,320  blood  specimens  (CLUE  II).  Of  these  specimens,  81 18  were  collected  from 
individuals  who  had  also  participated  in  CLUE  I.  Participants  donated  20  ml  of  blood, 
gave  a  brief  medical  history,  completed  a  food  frequency  questionnaire  and  returned  a 
toenail  clipping  for  trace  metal  studies.  Somewhat  greater  participation  was  obtained 
among  older  persons,  possibly  because  a  free  cholesterol  test  was  offered  as  an 
incentive  to  participate.  Quality  checks  showed  good  agreement  between  cholesterol 
determinations  by  the  local  medical  laboratory  and  the  CDC-approved  laboratory  at 
Johns  Hopkins  Hospital. 

In  addition  to  storing  two  5  ml  aliquot  of  plasma,  another  0.7  ml  aliquot  was 
preserved  with  0.7  ml  of  10%  metaphosphoric  acid  to  allow  subsequent  ascorbic  acid 
assays.  The  buffy  coat,  providing  DNA,  and  RBC  fractions  were  also  stored.  The  two 
aliquots  of  plasma  from  each  person  are  stored  in  separate  freezers.  All  specimens 
have  been  kept  at  -70°  C  or  colder. 

CLUE  I  has  been  extensively  used  to  examine  the  potential  protective  effect  of 
specific  micronutrients  against  the  development  of  cancer  including  breast  cancer  (1). 
The  role  of  endogenous  hormones  in  the  development  of  breast  cancer  has  also  been 
examined  using  the  resources  of  this  serum  bank  (2).  With  the  maturation  of  the  cohort 
from  CLUE  II,  the  availability  of  DNA  in  addition  to  plasma,  and  the  technological 
advances  of  molecular  biology  we  will  be  able  to  investigate  etiologic,  protective  and 
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susceptibility  factors  leading  to  the  development  of  breast  cancer.  In  order  to  use  the 
specimen  bank  to  its  fullest  potential  we  require  additional  data  on  participants  in  the 
CLUE  II  cohort  such  as  extended  family  history  and  other  risk  factors.  Breast  cancer 
risk  factors  such  as  family  history  of  the  disease,  age  at  pregnancy  and  parity  change 
over  time  requiring  institution  of  active  follow-up  of  the  cohort.  These  risk  factors 
should  be  taken  into  account  in  investigations  of  serologic  precursors  or  susceptibility 
factors  associated  with  breast  cancer.  The  ability  to  identify  and  investigate  families 
with  multiple  members  affected  by  breast  cancer  is  a  valuable  resource  for  studying  the 
role  and  contribution  of  inherited  susceptibility  factors  to  the  development  of  breast 
cancer.  Since  these  inherited  factors  may  be  passed  through  the  mother  and  father  it 
is  essential  to  obtain  information  on  the  family  history  of  cancer  of  male  and  female 
participants  in  the  cohort. 

Stability  studies  of  micronutrients  and  hormones  have  been  conducted  up  to  42 
months.  We  propose  to  continue  these  studies  up  to  15  years.  The  resources  of 
serum  and  specimen  banks  become  more  valuable  with  time  as  the  number  of  cancer 
cases  developing  among  members  increases  with  aging  of  the  cohort.  It  is  essential  to 
assess  the  stability  over  many  years  of  factors  being  studied  in  order  to  optimally  utilize 
these  valuable  resources.  A  literature  review  of  the  effects  of  long-term  freezer  storage 
on  concentrations  of  retinol,  beta-carotene,  and  alpha-tocopherol  in  repeated  assays  of 
the  same  serum  or  plasma  pools  shows  that  most  of  the  studies  are  deficient  because 
of  very  small  numbers  of  observations,  imprecise  descriptions  of  procedures,  and/or 
short  periods  of  storage  (3).  The  literature  is  even  more  scanty  with  respect  to  long¬ 
term  storage  effects  on  concentrations  of  other  carotenoids,  ascorbic  acid,  and 
hormones. 

We  have  been  interested  in  storage  effects  for  a  long  time,  and  have  published 
findings  from  our  nested  case-control  studies  and  those  of  others  (3).  There  was 
suggestive  evidence  of  considerable  loss  of  alpha-feto-protein  after  5  years  of  storage 
(4).  Retinol  appears  to  be  stable  for  at  least  1 5  years  at  temperatures  as  warm  as  - 
20°C,  alpha-tocopherol  at  temperatures  as  warm  as  -40°C,  and  beta-carotene  at 
temperatures  of  -70°C  or  lower  (3).  A  recent  study  using  serum  specimens  collected  in 
1974  and  assayed  in  1991  showed  sufficient  micronutrient  levels  to  demonstrate 
important  case-control  differences  (5).  However,  more  convincing  storage  studies  are 
those  that  assay  aliquots  of  the  same  specimens  at  different  time  periods.  Such 
information  is  sparse  in  the  literature  and  is  limited  almost  entirely  to  retinol  (3).  To 
obtain  information  based  on  periodic  assays  of  the  same  plasma  specimen  stored  at  - 
70®C,  we  initiated  a  study  in  1990  using  40  pools  of  plasma  for  micronutrients  and  18 
pools  for  hormones.  Assays  have  been  done  at  1  year,  2  years,  and  3.5  years  after 
starting  storage.  Analytes  include  ascorbic  acid  (preserved  with  metaphosphoric  acid), 
retinol,  total  carotenoids,  alpha-  and  beta-carotene,  cryptoxanthin,  lutein,  lycopene, 
estrone,  estradiol,  progesterone,  testosterone,  and  sex-hormone-binding  globulin.  The 
effects  of  repeated  freezing  and  thawing  have  also  been  studied,  first  on  a  pilot  basis 
and  more  recently  in  a  full-scale  study.  The  pilot  study  showed  no  demonstrable 
effects  of  up  to  four  cycles  on  retinol,  total  carotenoids,  beta-carotene,  prolactin, 
lutropin,  and  follitropin  (6).  The  full  scale  study  looked  at  the  effects  of  up  to  10  cycles. 
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Analysis  is  under  way,  with  preliminary  results  indicating  that  there  are  no 
demonstrable  differences,  at  least  up  to  six  freeze-thaw  cycles.  Analyses  of  the 
duration  of  storage  study  have  also  started.  There  appear  to  be  only  trivial  changes  in 
ascorbic  acid  concentrations  over  the  3.5  year  period.  Inspection  of  the  results  for  the 
other  micronutrients  reveals  no  gross  changes.  There  appears  to  be  considerable 
variability  in  the  assays  for  estrone,  estradiol,  progesterone,  testosterone  and  sex- 
hormone-binding  globulin  but  no  evidence  of  appreciable  losses  so  far. 

Although  differences  between  cases  and  controls  can  still  be  informative  as  long 
as  reasonable  concentrations  of  analytes  persist,  it  is  important  to  know  the  degree  of 
loss  with  storage  time  both  for  planning  and  for  interpreting  studies  based  on  stored 
serum,  plasma  or  blood  cells.  From  the  practical  point  of  view  it  is  almost  essential  to 
have  this  information  to  satisfy  study  sections  and  reviewers  of  manuscripts.  In  our 
experience  over  the  past  20  years,  such  queries  have  been  almost  universal. 


Cancer  Register: 

A  cancer  register  for  Washington  County  has  been  maintained  since  1958,  with 
records  dating  back  to  1948.  Its  primary  source  is  discharge  records  from  the 
Washington  County  Hospital,  the  only  general  hospital  in  the  county.  Because  of  its 
well-equipped  and  staffed  Oncology  Service,  the  hospital  tends  to  draw  patients  from 
surrounding  counties  rather  than  to  lose  them  to  other  institutions.  Cases  are  also 
ascertained  from  death  certificates  of  Washington  County  residents  which  are  under 
the  custody  of  our  unit  acting  as  a  branch  of  the  Health  Department.  Comparisons  of 
observed  cases  in  the  populations  that  donated  blood  for  the  serum  bank  with  the 
number  expected  on  the  basis  of  race-sex-age  specific  rates  from  the  SEER  registries 
suggest  that  reporting  is  essentially  complete  for  this  subpopulation.  The  only  major 
deficit  is  for  stomach  cancer;  the  only  major  excess  is  for  prostate  cancer.  Records  of 
reported  county  cancer  cases  are  computer-linked  to  the  lists  of  serum  bank  donors. 
Matching  on  variables  such  as  age,  date  of  blood  donation,  day  of  menstrual  cycle  are 
readily  accomplished.  Age  matching  is  often  possible  within  a  few  days  or  weeks. 


Purpose  of  Present  Work 

Further  progress  in  understanding  the  etiology  of  breast  cancer  and  in 
developing  new  methods  for  early  detection  and  prevention  requires  investigations  to 
consider  both  genetic  and  environmental  influences  and  their  interaction  in  the 
development  of  breast  cancer.  The  purpose  of  this  proposal  is  to  expand  the 
resources  of  our  existing  population-based  specimen  bank  by  updating  baseline 
information  and  obtaining  information  on  breast  cancer  risk  factors,  particularly  family 
history  of  cancer.  Gene-environment  interactions  may  then  be  explored  to  the  fullest 
potential.  The  availability  of  family  history  information  will  permit  the  targeting  of  high 
risk  individuals,  based  on  familial  factors,  for  investigations  of  possible  inherited 
susceptibility  factors. 
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The  second  major  objective  of  this  proposal  is  to  continue  to  obtain  fundamental 
information  on  changes  in  the  concentration  of  various  analytes  in  plasma  and  blood 
cells  associated  with  long-term  storage  at  -70°C.  The  plasma  analytes  are  retinol, 
ascorbic  acid,  the  major  carotenoids  found  in  human  serum,  alpha-  and  gamma- 
tocopherol,  sex-hormone-binding  globulin,  and  selected  steroid  hormones.  The 
hypothesis  to  be  tested  in  each  case  is  the  null  hypothesis  that  there  will  be  no  change 
in  concentration  with  storage  time.  The  resources  of  banks  become  more  valuable  with 
time  as  cohorts  mature  providing  more  cases  of  cancer  for  investigation,  and  as  new 
hypothesis  and  techniques  become  available  for  evaluation.  Storage  studies  will 
provide  basic  information  on  the  stability  of  markers  of  exposure,  susceptibility  and 
protection  from  breast  cancer  that  is  almost  nonexistent.  This  information  is  essential 
for  planning  and  interpreting  studies  using  stored  plasma,  red  blood  cells  and  white 
blood  cells  (DNA). 


Technical  Objectives  (Specific  aims) 

To  enhance  the  resources  of  the  existing  population-based  specimen  bank  we 
propose  to; 

1.  Expand  information  collected  at  CLUE  II  in  1989.  For  example,  total  years  of 
smoking  and  medication  use,  especially  exogenous  hormones. 

2.  Update  information  collected  at  CLUE  II.  For  example,  changes  in  marital 
status,  smoking  status,  use  of  exogenous  hormones,  weight  changes  and  dietary 
changes. 

3.  Obtain  additional  information  relevant  to  breast  cancer.  For  example,  detailed 
cancer  family  history,  number  and  timing  of  pregnancies,  preventive  health 
behavior  (breast  cancer  screening),  history  of  breast  biopsies  and  occupational 
exposures. 

4.  Expand  the  cancer  registry  population  base  by  including  CLUE  II  participants  who 
reside  outside  of  Washington  County. 

To  facilitate  the  appropriate  use  of  the  resources  and  to  enhance  interpretation  of 
studies  performed  on  the  cohort  we  propose  to: 

5.  Continue  the  study  of  the  effects  of  long-term  freezer  storage  of  plasma  at  - 
70°C  on  its  content  of  antioxidant  nutrients,  such  as  retinol 

(including  retinoic  acid  and  retinol  palmitate),  ascorbic  acid, 
carotenoids,  and  tocopherols,  as  well  as  its  content  of  hormones 
and  liproteins. 
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Methods 


Eligible  Population 

CLUE  II  participants  living  within  a  30  mile  radius  of  the  intersection  of  Interstates 
70  and  81  will  be  included  in  the  active  follow-up  cohort.  This  geographic  boundary 
includes  all  of  Washington  County  and  parts  of  surrounding  counties,  extending  into 
Pennsylvania  and  West  Virginia.  This  boundary  includes  30,100  of  the  32,320  CLUE  II 
participants.  The  boundary  was  chosen  to  form  a  homogeneous  cohort  for  the  long-term 
follow-up.  The  CLUE  II  samples  excluded  from  the  cohort  (2,220)  will  be  used  for  our 
storage  studies  and  cross-sectional  investigations  that  can  be  conducted  using  data 
collected  at  baseline.  To  date.  Over  340  cases  of  breast  cancer  have  occurred  among 
CLUE  I  and  CLUE  II  participants. 


Follow-up  Procedure 

CLUE  II  participants  located  in  the  geographic  boundary  of  the  long-term  follow¬ 
up  cohort  will  be  mailed  a  questionnaire  every  2  years.  We  will  require  considerable 
clerical  work  to  update  addresses  from  the  time  of  CLUE  II  participation  since  all  rural 
routes  have  been  eliminated. 

Non-respondents  will  be  sent  a  second  questionnaire.  Telephone  follow-up  will 
be  conducted  for  nonresponders  after  the  second  mailing.  Telephone  follow-up  will 
also  be  carried  out  to  clarify  questionnaires  completed  by  respondents.  It  is  anticipated 
that  10  to  15%  of  family  history  questions  will  require  further  clarification  by  telephone 
follow-up.  Resources  available  to  search  for  current  addresses  of  participant's  whose 
questionnaires  are  returned  due  to  incorrect  mailing  address  include  the  Polk's  City 
Directory  for  Hagerstown  which  covers  Washington  County  and  surrounding 
communities  and  the  Hill-Donnelly  Cross 

Reference  Directory.  Annual  regional  phone  books  (back  to  1 970)  for  Washington  County 
and  the  Tri-state  area  are  also  available  to  trace  address  changes. 

We  expect  to  be  able  to  trace  at  least  90%  of  CLUE  II  participants  based  on  a 
previous  experience  with  a  telephone  survey  of  menstrual  histories  of  CLUE  II  women 
participants  conducted  in  1990.  Several  long-term  cohort  studies  have  been  conducted  in 
this  community  with  consistently  high  participation  rates. 

As  part  of  this  study,  we  propose  to  collect  additional  data  on  CLUE  II  participants. 
Specifically,  data  will  be  collected  from  women  on  known  risk  factors  for  breast  cancer. 
Examples  of  risk  factors  include:  family  history  of  cancer  in  first  and  second  degree 
relatives,  history  of  breast  biopsy,  type  of  benign  breast  disease,  age  at  menarche,  first 
birth,  menopause,  parity,  months  of  lactation,  use  of  exogenous  hormones,  height  and 
weight  and  screening  history.  Updated  risk  factor  information  will  be  obtained  at  2  year 
intervals.  Updated  food  frequency  information  will  be  obtained  at  the  second  mailing. 
Because  inherited  susceptibility  factors  may  be  inherited  through  the  mother  and  the  father 
and  because  of  recent  evidence  of  common  inherited  and  environmental  factors  for  breast 
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and  prostate  cancer  we  will  include  male  and  female  participants  in  the  active  follow-up 
cohort. 


Based  on  data  currently  available  we  estimate  the  survival  rate  of  participants  to  be 
approximately  95%.  Information  will  be  obtained  from  participants  using  a  self- 
administered  mailed  questionnaire,  with  follow-up  telephone  interviews  of  non-respondents 
after  a  second  mailing.  Deceased  CLUE  participants  will  be  identified  by  linking  the  CLUE 
II  population  to  death  certificates  and  by  follow-up.  The  Training  Center  for  Public  Health 
Research  is  a  repository  for  county  death  certificates.  For  deceased  CLUE  participants, 
next-of  kin  will  be  sent  a  similar  self-administered  questionnaire.  For  people  we  cannot 
contact,  the  National  Death  Index  will  be  accessed.  Next-of-kin  will  be  interviewed  only  on 
the  initial  round  of  follow-up. 

Machine  readable  forms  will  be  used  for  all  questions  except  family  history.  Family 
history  questionnaire  does  not  lend  itself  to  a  machine  readable  format  because  name,  age 
at  diagnosis,  and  all  causes  of  death  must  be  recorded. 


Methods  for  Study  of  Stability 

The  campaign  for  participation  in  CLUE  II  was  conducted  from  May  to  November, 
1989.  Blood  was  drawn  into  a  20  ml  Vacutainer  containing  heparin  and  was  refrigerated  at 
4®C  until  it  was  delivered  to  the  CLUE  II  laboratory  within  a  few  hours  after  being  drawn. 
After  centrifugation,  0.7  ml  of  plasma  was  added  to  0.7  ml  of  10%  metaphosphoric  acid. 

The  remaining  plasma  was  divided  into  two  equal  aliquots,  the  buffy  coat  was  removed,  as 
were  2  ml  of  red  blood  cells.  Each  of  these  specimens  were  placed  in  cryotubes  and 
promptly  frozen  at  -70°C. 

For  the  stability  studies  of  micronutrients  and  hormones,  pools  of  plasma  were 
created  from  the  plasma  of  persons  who  lived  outside  of  the  study  area  and  who  had 
donated  blood  near  the  end  of  the  campaign.  For  the  micronutrients,  40  pools  were 
created,  each  containing  the  plasma  from  four  individuals.  For  hormone  assays,  16  pools 
were  created,  each  containing  the  plasma  from  eight  individuals.  The  40  micronutrient 
pools  and  the  16  hormone  pools  were  each  composed  of  equal  numbers  of  pools  from 
young  and  old  men,  and  young  and  old  women.  A  large  reference  pool  was  also  created, 
so  that  four  aliquots  could  be  added  to  the  micronutrient  specimens  and  two  to  the  hormone 
specimens. 

Assays  for  micronutrients  and  hormones  have  been  done  at  baseline,  12,  22,  and 
42  months  after  the  median  time  of  blood  drawing.  We  propose  to  do  three  more  rounds  of 
assays.  The  assays  will  be  done  in  the  same  laboratories  at  each  round,  using  the  same 
methods  insofar  as  this  is  practical.  If  methods  must  be  changed,  assays  will  be  done  in 
duplicate  by  each  method  to  determine  the  relationship  between  their  results.  Micronutrient 
assays  have  been  done  in  the  laboratory  of  Dr.  Edward  Norkus  at  Our  Lady  of  Mercy 
Medical  Center  in  New  York  City  using  high  performance  liquid  chromatography.  The 
micronutrients  to  be  assayed  include  the  retinoids,  including  retinyl  palmitate,  alpha-  and 


10 


gamma-tocopherol,  the  carotenoids  and  ascorbic  acid.  The  carotenoids  include  total 
carotenoids,  alpha-  and  beta-carotenes,  cryptoxanthin,  lutein,  and  lycopene  (7).  Ascorbic 
acid  will  also  be  assayed  by  Dr.  Norkus  on  plasma  preserved  with  meta-phosphoric  acid 
using  high  performance  liquid  chromatography  (8).  The  hormone  assays  have  been  done 
in  the  laboratory  of  Dr.  Christopher  Longcope,  University  of  Massachusetts.  The  hormones 
that  have  been  assayed  include  estrone  and  estradiol,  progesterone,  androstenedione, 
testosterone  and  sex-hormone-binding  globulin.  Estrone,  estradiol,  testosterone, 
androstenedione,  progesterone,  and  prolactin  will  be  analyzed  by  radioimmunoassay  (9). 
Inter-  and  intraassay  coefficients  of  variation  for  these  assays  are  approximately  10%  and 
7%,  respectively.  Sex  hormone  binding  globulin  capacity  will  be  measured  using  the  filter 
disc  method  of  Mickelson  and  Petra  (10).  Inter-  and  intraassay  coefficients  of  variation  are 
reported  to  be  10.9%  and  8.0%  respectively  (11). 

The  basic  analysis  of  the  data  will  be  to  calculate  regression  lines  for  each  pool  and 
to  average  the  slopes  for  each  age-sex  group,  and  where  appropriate  for  the  total  group. 
This  approach  assumes  that  an  equal  amount  of  analyte  is  lost  in  each  unit  of  time.  If  there 
is  evidence  of  appreciable  change,  this  assumption  will  be  checked  by  plotting  amount  of 
change  and  percentage  change  from  baseline.  If  indicated,  the  data  will  be  transformed 
before  calculating  the  slopes  of  the  regression  lines. 


BODY:  PROGRESS  REPORT  YEAR  1 

Task  1:  Tracing  of  Participants 

a.  The  initial  step  undertaken  was  to  computerize  the  database  of  participants  to  the 
1989  Cohort  (CLUE  II).  All  names,  addresses  at  study  entry  and  unique  study 
identification  number  of  the  30,100  participants  included  in  the  30  mile  study  region 
were  entered. 

b.  Name  changes  are  being  updated  by  searching  published  wedding 
announcements. 

c.  We  are  actively  tracing  the  participants  and  updating  the  mailing  lists.  This  requires 
manual  search  of  phone  books,  the  Polk  City  Directory  for  Hagerstown,  and  the  Hill- 
Donnelly  Cross  Reference  Directory  for  Washington  County  to  establish  current 
addresses.  To  date  9600  of  the  participants  have  been  traced.  The  tracing  is  very 
labor  intensive  and  we  have  hired  additional  personnel  to  complete  this  task. 

d.  Vital  status  is  being  determined  by  cross-referencing  the  participant  list  to  death 
certificate  data  and  searches  of  obituary  notices. 
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Task  2:  Questionnaire  development: 


Several  meetings  of  the  steering  committee  (Serologic  Precursors  Committee)  were 
held  throughout  the  year  to  develop  the  follow-up  questionnaire.  A  draft  questionnaire  has 
been  prepared.  The  final  version  of  the  questionnaire  should  be  completed  by  November 
6.  Three  meetings  of  the  Steering  Committee  will  be  held  from  October  23  to  November  6 
to  finalize  the  questionnaire. 

The  questionnaire  will  be  printed  in  a  machine-readable  format.  The  steering 
committee  has  recommended  that  the  first  round  of  the  questionnaire  be  devoted  to  the 
collection  of  new  data  and  to  include  the  Food  Frequency  Questionnaire,  which  was 
collected  at  baseline,  in  the  second  round  of  the  questionnaire. 


Task  3:  Storage  Effects 

Aliquots  for  micronutrients  have  been  submitted  for  year  6  assays.  Aliquots  have 
also  been  prepared  for  hormone  assays.  Analysis  of  rounds  1  and  2  of  the  storage  effect 
revealed  problems  with  reliability  of  the  hormonal  assay  measurements.  The  hormone 
aliquots  will  be  submitted  for  assays  once  this  issue  has  been  resolved. 


CONCLUSIONS 

Tracing  of  participants  and  updating  of  mailing  lists  are  proceeding.  Additional 
personnel  have  been  hired  to  complete  this  task  which  is  very  labor  intensive. 

The  questionnaire  will  be  available  for  mailing  to  participants  during  the  first  quarter 
of  Year  2. 

Storage  effects  assays  are  in  progress.  Progress  continues  as  planned.  No  major 
changes  to  the  approved  protocol  have  been  necessary.  Tasks  for  subsequent  years  will 
be  completed  as  in  the  original  protocol. 
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